Atrial fibrillation is still the most common arrhythmia that occurs in heart surgery. However, there is few literature data on the manner in which preoperative atrial fibrillation may influence the postoperative outcome of various heart surgery procedures. The purpose of our research is to assess the effects of preoperative atrial fibrillation on patients having undergone different heart surgery procedures. The results of our research are a review of clinical data which were collected prospectively, over a 10-year period, from all the patients who had undergone heart surgery in our Institute. The study group included 1119 heart surgery patients, who were divided as follows: the preoperative AFib group ( = 226, 20.19%) and the sinus rhythm group ( = 893, 79.80%). Major postoperative complications and hospital mortality rates were analyzed. According to our statistical analysis, preoperative atrial fibrillation significantly increased the mortality risk ( = 0.001), the patients' mechanical ventilation needs ( = 0.022), the rate of occurrence of infectious complications ( < 0.5), the rate of occurrence of complications such as acute kidney failure ( = 0.012), and the time spent by the patients in the intensive care ward ( < 0.01). In conclusion, preoperative atrial fibrillation in heart surgery patients increases the mortality and major complication risk further to heart surgery.
Introduction
Atrial fibrillation (AFib) is among the most common heart surgery arrhythmias. This arrhythmia is a considerable longterm risk factor that influences the evolution and survival of patients having required heart surgery [1] . Also, the literature data revealed a significant connection between the patients' old age that needed such revascularization surgery and the atrial fibrillation incidence [2, 3] . Although it is well known that preoperative AFib increases the postoperative mortality of patients having undergone heart surgery, the literature provides little information on the way in which this arrhythmia impedes upon the postoperative outcome of patients having undergone such surgical procedures, considering the numerous complications that may occur in the evolution of these patients. There are also few studies of the evolution of preoperative AFib patients depending on the surgical procedure employed: coronary artery bypass grafting (CABG), simple or associated with heart valve surgery (CABG associated with heart valve surgery) [4, 5] .
The purpose of our research is a retrospective assessment of the impact of preoperative arrhythmia such as atrial fibrillation on the postoperative evolution of patients who underwent two types of heart surgery (CABG and CABG associated with heart valve surgery), as opposed to sinus rhythm patients. The originality of our research is related to the fact that there are currently no available data on the extent to which preoperative AFib adversely affects the postoperative outcome of heart surgery in patients in Romania.
Materials and Methods

Patients.
Our prospective research was based on a retrospective analysis. The patients included in the study were found in the database of the Institute of Cardiovascular Diseases of Iaşi, as they were hospitalized there between January 2000 and December 2010. Two types of heart surgery were conducted on these patients, namely, isolated coronary artery bypass (CABG) or heart valve surgery and CABG (coronary artery bypass). One thousand one hundred and nineteen patients ( = 1119) were included in the study and they were divided into two groups depending on their preoperative sinus rhythm: the AFib patient group (group 1 = 226 patients, that is, 20.19% of the total number of patients) and the normal sinus rhythm patient group (group 2 = 893 patients, that is, 79.80 % of the total number of patients). The patients with other types of arrhythmias or with pacemaker implants were not included in the study. All the prospective data were collected from a database of the department by a specialist data collector. When assessing the results, we considered all the postoperative complications that occurred during their hospitalization, the mortality rates, the time spent in the intensive care ward, and the whole hospitalization time. The management of the institute approved the use of the database of patients hospitalized during the period referred to, with a view to the analysis and publication of the results achieved.
Definitions.
We classified atrial fibrillation according to the 2014th Guideline on Atrial Fibrillation of the American College of Cardiology/American Heart Association, in which it is classified by the duration of their episodes in paroxysmal AFib, persistent AFib, longstanding persistent AFib, permanent AFib, and nonvalvular AFib [6] . All coronary artery bypasses (CABG) were carried out under extracorporeal circulation by means of median sternotomy. Considering the standard surgical emergency criteria, elective surgery is defined as scheduled surgery, whereas emergency surgery is defined as surgery that cannot be postponed without being life threatening for the patient. Renal complications refer to postoperative kidney failure RIFLE "F" class (according to RIFLE system) [7] . Neurological complications refer to the incidence of transient ischemic attacks or permanent stroke. Infectious complications refer to wound infections (requiring antibiotics or surgical therapy) and sepsis. Pulmonary complications refer to postoperative infection, tracheostomy, acute respiratory distress syndrome, and reintubation.
Statistical Analysis.
The first stage of our statistical analysis sets the differences between the two groups of patients according to the study exclusion criteria and to the results achieved for the various variables considered. Category variables were compared by a -test for ratios or by Fisher's exact test [8] . Continuous variables were compared by an independent T-test or by nonparametric tests such as McNemar's test and Wilcoxon's signed rank test designed to determine whether the normality assumption was violated (Tables 1  and 2 ). We then analyzed the effect of preoperative atrial fibrillation on the mortality rates and on the outcome of other essential variables for the postoperative evolution of patients under survey. This analysis was conducted by multiparameter logistic regression methods. Logistic regression is a prediction procedure in which the criterion or dependent variable (DV) has category values. The core of the procedure consists of developing a mathematical model which probabilistically associates criterion values (DV) and predictor values or independent variables (IV) in multiple logistic regression [9, 10] . Thus, we may rely on this type of logistic regression to determine the likelihood of preoperative arrhythmias to influence the postoperative evolution of the patients included in the two groups. The odds ratio (OR) is one of the most important concepts of logistic regression analysis. As already known, this value expresses the ratio between the likelihood of occurrence and the likelihood of nonoccurrence of an analyzed event and quantifies the impact of the predictor on the criterion. One should note that, whereas the likelihood values range between 0 and 1, their ratio may have values that are infinitely high or infinitely low (Table 3) . Naturally, our goal is to use predictors that have the highest criterion prediction force. A series of logistic regression indicators, like, for instance, prediction deterioration when a particular predictor is missing, assessment of the significance of the weight coefficients ( ) of each predictor, or the extent to which the odds ratio (OR) changes when a predictor is removed, may be used to identify these predictors. Despite the advantages described above, the logistic regression results should be construed restrainedly. The prediction model applies only to the predictors employed. Nevertheless, there may be predictors that were voluntarily or involuntarily disregarded. Also, the predictive capacity of the model only works within the variation limits of the existing data, which means that the predictive value of the predictors that were not included in the model is questionable [11] . The subgroup analysis depending on the type of operation and variable results related to atrial fibrillation (AFib) occurrence is shown in Table 4 . It includes both the 95% confidence intervals (CI) and the statistical significance thresholds ( ).
The Cox method is advisable for the accurate survival time modeling when covariates occur in the study or particular parameters are suggested that influence the evolution in time of the event. As concerns the regression coefficients, it is important to calculate their statistical significance. In other words, the covariate influence in the model needs to be checked. If the calculated significance is not below 0.05, that covariate has a random effect, which means that it may be removed from the analysis. Regression coefficients are interpreted intuitively by their exponential value, Exp( ). This shows the predicted value of the altered hazard function value for a covariate increase by one unit. The Cox model is very important in practice, since it helps to identify the prognosis factors when studying the survival rates.
The statistical analysis was done using SPSS Version 19 software. The < 0.05 values were considered statistically significant.
Results
We analyzed a cohort of patients ( = 1119), 200 (17.87%) of whom were female and 919 (82.12%) were male. The ages of the patients in group 1 ranged between 18 and 86 years, with a mean value (±1 S.D.) of 63.34 (±9.6) years, whereas the patients in group 2 were 20 to 79 years, with a mean value of 59.4 (±8.8) years. During their hospitalization, many patients had normal preoperative sinus rhythm (79.80%) ( = 893). Table 1 distinguishes between the preoperative factors and patient characteristics of the two groups. As shown in this table, preoperative AFib patients were 3.94 years older, on the average, than the rest of the patients, most of whom were female. The incidence of congestive heart failure, kidney failure, chronic obstructive pulmonary diseases, and stroke was also higher in the AFib group. AMI incidence within the 7 days preceding the surgery was higher in preoperative AFib patients. Smoking, cerebrovascular event, and COPD incidence was also higher in group 1 . We found a higher incidence of surgical procedures such as coronary artery bypass with or without heart valve surgery in AFib patients as opposed to normal sinus rhythm patients. There was no statistically significant difference between the two groups as concerns arterial hypertension, history of AMI, or extracardiac arteriopathy.
The postoperative complications and hospital mortality rates of the two groups were synthesized in Table 2 . According to the data in this table, the mortality rate was significantly higher in the AFib group (4% as opposed to 1.2%, where < 0.05). Moreover, the time spent in the intensive care ward was significantly longer in the AFib group (group 1 ). Most types of postoperative complications, including low cardiac output, increased inotropic support needs, kidney failure, infectious complications, and reexploration (recurrent surgery), were significantly more common in AFib patients. Neurological complications were the only exceptions, as no significant increase was noted in this field. These results were calculated by means of logistic regression approaches and Cox methods ( Table 3) . As for dichotomic variables, the mortality risk in AFib patients (group 1 ) was 1/0.086 = 11.62 times higher than in sinus rhythm patients (group 2 ) or, in other words, the mortality risk in sinus rhythm patients was 0.127 lower. The coefficient value is negative both in the group without AFib ( = −2.061) and in the group with postoperative AFib ( = −2.459). These results show a negative correlation between AFib and the mortality rate. The more AFib found postoperatively is, the higher the mortality risk is ( = 0.002). Wald's statistics is significant ( < 0.05) for the independent variable (IV):, "considerable inotropic support needs" for the patients in group 1 and in group 2 . The risk run by sinus rhythm patients (group 1 ) of having high inotropic support needs was 0.071 times lower than by the AFib group patients (group 2 ), in whom the risk of requiring increased inotropic support was 1/0.726 = 1.37 times higher. Considering the Exp( ) value which is close to 1 (Exp( ) = 0.726), one may argue that postoperative AFib increases the patient's risk of requiring inotropic support as compared to the group where AFib was not found (Exp( ) = 0.071). Also, the risk of occurrence of postoperative complications requiring extended mechanical ventilation (>24 h) was 11.116 times lower in sinus rhythm patients than in preoperative atrial fibrillation patients. The statistical analysis also revealed significant differences ( < 0.01) as concerns the number of days spent in the intensive care ward. More precisely, AFib patients (group 1 ) spent more days in intensive care than sinus rhythm patients (group 2 ). Wald's statistics is significant for the preoperative AFib group, as it proves that this condition may impede upon the postoperative outcome by increasing the number of days spent in the intensive care ward (Exp( ) = 1.47). Table 4 shows subgroup analysis dependent on the type of surgical procedure used and on the effect of preoperative AFib on postoperative outcome. Multiparameter logistic regression analysis revealed that the type of surgical procedure employed influenced the level of inotropes required by the patients. Wald's statistics was significant both for group 1 and for group 2 . The risk run by the patients in group 1 (suffering from preoperative AFib) of requiring increased inotropic support due to the use of coronary artery bypass graft surgery was 1.56 times higher than in the sinus rhythm patients (group 2 ) who underwent the same surgical therapy. As far as coronary artery bypass graft surgery associated with heart valve surgery is concerned, the risk run by sinus rhythm patients of requiring increased inotropic support was 11.15 times lower than the same risk run by preoperative AFib patients in whom the same surgical procedure was used. Also, the risk of infectious complications run by preoperative AFib patients was 6.57 times higher than the same risk run by sinus rhythm patients, in whom coronary artery bypass graft (CABG) surgery was carried out.
Discussions
AFib is still the most common arrhythmia that occurs in heart surgery, both preoperatively and postoperatively [12] . There are various studies conducted to monitor AFib influence on the postoperative outcome of patients who underwent heart surgery. Nevertheless, the literature includes a small number of studies that assess the effect of preoperative AFib on patients having had heart surgery [13] [14] [15] [16] [17] [18] .
In our research, we carefully analyzed as many of the postoperative AFib complications as possible, with our main goal being to determine the mortality risk run by these patients. Thus, we concluded that the old age of patients undergoing heart surgery may be an atrial fibrillation risk factor. In order to prevent such occurrences, whenever the patient is at risk, surgeons may employ adjuvant surgical techniques designed to significantly diminish the mortality risk and complication occurrence further to heart surgery done in patients with preoperative AFib arrhythmia. As shown by the data in Tables 2 and 3 , the hospital mortality rate was higher in AFib patients than in sinus rhythm (SR) patients. Moreover, the occurrence of major postoperative complications and the number of days spent in the intensive care ward were lower in sinus rhythm (SR) patients as opposed to AFib patients, in whom all these parameters were significantly higher. There are many factors that may account for the effects we noted. Preoperative atrial fibrillation may lead to a low postoperative cardiac output, which makes it both important and necessary to carefully monitor the patient and to provide him/her with appropriate inotropic support. Our findings are in agreement with and are supported by the conclusions of previous studies on preoperative AFib patients [16, 18] .
The data on short-term mortality rates in AFib patients is rather contradictory. Some studies reveal a higher hospital mortality rate, whereas others do not [16, 18, 19] . The main reason for these contradictory results is also the number of patients included in the study groups. More precisely, the groups with a higher number of patients were associated with significant hospital mortality rates, whereas the groups with a lower number of patients did not have the same outcome. This mortality rate increase may be connected with the postoperative complications that occurred and with the need for extended intensive care of AFib patients. There may also be other factors influenced by AFib. The literature data confirmed that the use of adjuvant surgical procedures in preoperative AFib patients is recommended to reduce the mortality risk and the occurrence of major postoperative complications [20] . Furthermore, the use of such therapeutic strategies involved significantly lower costs than conventional medical therapy [20] . The data collected for our research reveal higher mortality and morbidity rates unless other adjuvant surgical procedures are used in AFib patients. However, much more comprehensive specialized studies conducted on a much higher number of patients would be necessary in order to be able to gather conclusive data on the possible surgical therapeutic approaches that would improve the management and outcome of preoperative arrhythmia patients.
Conclusions
The results of our research are in agreement with the findings described in the literature and they revealed that preoperative atrial fibrillation increases the risk of mortality and major complications such as kidney failure, extended mechanical ventilation needs (for more than 24 hours), increased inotropic support needs, and a longer time spent in the intensive care ward further to heart surgery. Improved surgical therapeutic approaches by the use of adjuvant surgical strategies may prove beneficial for these patients.
Limitations of the Study
Let us point out a series of inherent limitations of our study. Firstly, it is a retrospective research and hence we may rely rather on an association than on the causality specific to randomized controlled trials. Secondly, we were unable to do a long-term follow-up of our patients included in this research. Thirdly, our database could not specify the type of preoperative atrial fibrillation (for instance, whether it was paroxysmal, persistent, or permanent AFib). This detail might have had a different impact on the results of our analysis [21, 22] .
Despite its limitations, one may consider this research useful, as it may be the starting point of further research in the field, the ultimate goal of which would be the discovery of new preventive surgical therapeutic approaches for preoperative atrial fibrillation patients who undergo heart surgery.
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